P ulmonary hypertension (PH) is a fatal disease of multifactorial background characterized by increased pulmonary vascular resistance and right heart afterload, concomitant with right ventricular hypertrophy that may culminate in cor pulmonale. The pathological hallmark of many forms of PH is a vascular remodeling process resulting in narrowing and obstruction of small pulmonary arteries. Underlying structural changes are caused by increased migration and proliferation of smooth muscle cells (SMCs) and fibroblasts, as well as abnormal endothelial cell proliferation (for overviews, see Humbert 1 and Jeffery and Wanstall 2 ). Although the pathological changes in PH have been well defined, the etiology of this disease remains unclear. Genetic abnormalities account for 10% to 20% of all patients with idiopathic pulmonary arterial hypertension (IPAH), 50% of which arise from mutations in the bone morphogenetic protein receptor type II gene (BMPRII). 3 In addition to other factors, hypoxia is one of the causes of PH. 2, 4 The hypoxia-inducible transcription factor (HIF) has been suggested as a key regulator of hypoxia-induced PH. 5 Consequently, mice partially deficient for HIF-1␣ develop attenuated PH. 6 Moreover, recent evidence has shown that HIF-1␣ is also involved in hypoxiaindependent forms of PH. 7 
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Various studies have identified several factors, such as endothelin, serotonin, platelet-derived growth factor, metabolic alterations, and reactive oxygen species, to be involved in the vascular remodeling processes. [7] [8] [9] [10] [11] [12] [13] To date, many investigators have focused on transcriptional changes that occur in PH; 14, 15 however, the full spectrum of pathophysiological mechanisms that result in PH is yet to be determined. In addition, most studies have analyzed late time points in experimental models of PH or end-stage human PH when the remodeling process is already fully established; therefore, factors triggering onset of the disease may be overlooked. 14, 16 Against this background, we hypothesized that key triggers of PH should be detectable at the onset of the disease. To test this hypothesis, we used a proteomic screening approach to analyze lungs from a mouse model of hypoxia-induced PH after only 24 hours of chronic hypoxia by 2-dimensional polyacrylamide gel electrophoresis (2D-PAGE) in combination with mass spectroscopy. The findings from this approach were then verified in different animal models of PH as well as in human IPAH.
Methods

Lung Preparation of Mice Under Hypoxia/Normoxia
Male BALB/c AnNCrlBR mice were exposed to normobaric normoxia (FIO 2 of 0.21) and to normobaric hypoxia (FIO 2 of 0.10) for 1, 7, and 21 days, respectively (nϭ5 each). The isolation and preparation of mouse lungs have been described in detail previously. 15 
Protein Isolation From Lung Homogenate for 2D-PAGE
For protein isolation, part of the right lung from 24-hour hypoxic and normoxic mice (nϭ5 each) was homogenized by grinding under liquid nitrogen. Lysis buffer (0.7 mL; 8 mol/L urea, 2 mol/L thiourea, 4% [m/v] CHAPS, 30 mmol/L dithiothreitol, 20 mmol/L Tris) was added to the ground tissue. Samples were concentrated by acetone precipitation. Proteins were resuspended in lysis buffer and centrifuged (18 000g, 30 minutes, 4°C). Protein concentration was determined with the 2D QUANT protein determination kit (Amersham Biosciences, Freiburg, Germany). Protein (250 g) in the supernatants was subjected to isoelectric focusing.
Isoelectric Focusing and 2D-PAGE
The 2D-PAGE was performed according to O'Farrell 17 and Görg et al 18 with the following modifications. Solubilized proteins in lysis buffer (8 mol/L urea, 2 mol/L thiourea, 4% CHAPS, 2% Pharmalyte buffer [v/v, pH 3 to 10], 30 mmol/L dithiothreitol, 20 mmol/L Tris) were subjected to isoelectric focusing by rehydration of immobilized pH gradient strips (length, 11 cm; linear pH range, 3 to 10 (Amersham Biosciences). The second-dimension SDS gels contained 12.5% (v/v) acrylamide. Gels were stained with Coomassie brilliant blue, and bands were quantified by scanning on an image scanner (Amersham Biosciences). For details, please refer to the online-only Data Supplement.
Computer Analysis
Computer-assisted 2D analysis of 4 independent experiments was performed with Proteomweaver software version 2.2.2 (Definiens, Munich, Germany). For details, see the online-only Data Supplement.
In-Gel Digestion and Peptide Mass Fingerprinting
Gel pieces were rehydrated in a 10 ng/L trypsin solution (sequencing grade; Roche Diagnostics, Mannheim, Germany). Aliquots (2 L) of the solution were applied to a thin layer of ␣-cyano-4-hydroxycinnamic acid on an AnchorChip target (Bruker Daltonik, Bremen, Germany). Mass fingerprints of tryptic digests were obtained by matrix-assisted laser desorption/ionization (MALDI) mass spectrometry with the use of an Ultraflex time-of-flight (TOF)/TOF mass spectrometer (Bruker Daltonics). Proteins were identified by database searching with peptide masses with the use of the program Mascot at http://www.matrixscience.com. Protein identification was completed with significance set at PϽ0.05 for probability-based values on Mowse Scores (Ն61). For details, see the online-only Data Supplement.
Biological Processes
Accession numbers from genes regulated under hypoxic conditions were subjected to a screen for biological processes by using the Gene Ontology page (AmiGo: www.godatabase.org/cgi-bin/amigo/go.cgi).
Western Blot Analysis
For a description of Western blot protocol, please refer to the online-only Data Supplement.
Immunohistochemistry
For a detailed description of immunohistochemistry protocol, please refer to the online-only Data Supplement.
Laser-Assisted Microdissection
Microdissection was performed with the use of the Laser Microbeam System (P.A.L.M., Bernried, Germany), as described in detail previously. 15 
RNA Isolation and cDNA Synthesis
RNA isolation, cDNA synthesis, reagents, and incubation steps were performed as described previously. 15 
Relative mRNA Quantification by Real-Time Polymerase Chain Reaction
Real-time polymerase chain reaction (PCR) was used for relative quantification of the Fhl-1, Fhl-2, and Fhl-3 mRNA. The reactions were performed in an ABI 7700 Sequence Detection System (Applied Biosystems, Foster City, Calif) (see the online-only Data Supplement).
Rat Models of PAH
In rats, PH was induced either by monocrotaline or by exposure of rats to hypoxia (10% O 2 ) and the vascular endothelial growth factor receptor antagonist SU5416, as described previously. 11, 19 Lung samples were obtained either after 4 weeks of monocrotaline injection (nϭ7 each) or 3 weeks after hypoxicϩSU5416 exposure (nϭ4 each).
Patient Characteristics and Measurements
Samples from human lung tissue were obtained from 5 donors and 5 IPAH patients, as described previously. 20 
Preparation of Primary Pulmonary Artery SMCs
Primary pulmonary artery SMCs (PASMCs) were isolated as described previously. 20 
Immunofluorescence Staining
For immunofluorescence analysis, please refer to the online-only Data Supplement.
Plasmid Construction
Full-length mouse Fhl-1 cDNA was cloned into pCMV3A-Myc (Stratagene) and pEGFP-C1 (Clontech) vectors. Full-length human Fhl-1 was cloned into pcDNA3.1(ϩ) (Invitrogen). For more details, please see the online-only Data Supplement.
Transfection of Primary PASMCs
Transfection with plasmids and small-interfering RNA (siRNA) was performed as described previously. 20 The siRNA sequences are provided in the online-only Data Supplement.
Proliferation Assay
Cell proliferation of PASMCs was assessed by [ 3 H]thymidine incorporation as described previously. 20 
Migration Assay
After transfection, PASMCs were serum-starved for 24 hours and then plated at a concentration of 7.5ϫ10 3 on 8.0-m pores (Transwell inserts; Greiner-bio-one, Frickenhausen, Germany). To quantify the migrated cells, inserts were removed after 24 hours, the inner surface was scraped, and the outer surface was fixed and stained with crystal violet solution (Sigma, Munich, Germany).
Apoptosis Assay
For a description of the apoptosis assay, please refer to the onlineonly Data Supplement.
Hypoxia Response Element
The Fhl-1 gene was screened 5000 bp downstream and upstream from coding sequence for the presence of hypoxia response elements (HRE). The consensus sequence chosen for HRE was BACGTSSK, where B can be T, G, or C; S, G or C; and K, T or G. The Fhl-1 sequence was obtained from http://www.ncbi.nlm.nih.gov/mapview/.
Hypoxia Treatment of PASMCs
Hypoxia was induced in a chamber equilibrated with a watersaturated gas mixture of 1% O 2 , 5% CO 2 , and 94% N 2 at 37°C. For details, please refer to Eul et al. 21 The siRNA preparation for HIF-1␣ and HIF-2␣ was performed as described previously. 21 
Electrophoresis Mobility Shift Assay
Electrophoresis mobility shift assay was performed with nuclear extracts (Pierce, Rockford, Ill) from human PASMCs, which had been grown on 10-cm dishes for 12 hours at 1% or 21% O 2 , respectively. The oligonucleotide probe corresponding to the downstream HRE consensus sequence in the human promoter (5Ј-CAG TGG CGG GGG CAC GTG GGC GCG CGG GGT GCG-3Ј) was designed and labeled with ␥-[
32 P]ATP with the use of T4 polynucleotide kinase (Fermentas, St Leon-Rot, Germany). Samples were separated on a native 4% polyacrylamide gel. The gels were vacuum dried and subjected to autoradiography at Ϫ80°C. For details, see the online-only Data Supplement.
Coimmunoprecipitation
For the coimmunoprecipitation protocol, please see the online-only Data Supplement. 
Statistical Analysis
Statistical analyses were performed with the use of R (www.rproject.org). Before statistical analyses, values obtained from technical replicates were averaged. Values are presented throughout as meanϮSEM. Data were tested for deviations from normality with the Shapiro-Wilk test (␣ϭ0.05). Probability values were determined as a measure for the evidence of differences in means with the t distribution. Probability values for proliferation and migration data were calculated from normalized data to account for experimentwise differences in cell numbers. Normalization was done by (x i,treated Ϫx i,control )/(x i,control ), where x i is measured values from experiment i. Means of Ͼ2 samples were compared by 1-way ANOVA. After significant ANOVA (␣ϭ0.05), probability values of the treatment-to-control contrasts were obtained with the Dunnett multiple-to-1 distribution. Nonnormal distributed data were analyzed by the Friedman test; probability values of pairwise comparisons were determined by Wilcoxon U distribution with Bonferroni adjustment. The respective paired analyses were done for data from matched controls and treatments. All probability values determined are given on the graphs. The authors had full access to the data and take responsibility for its integrity. All authors have read and agreed to the manuscript as written.
Results
2D-PAGE Analysis and Subsequent Identification of Regulated Proteins in Mouse Lungs After Short-term Hypoxic Exposure
After 2D-PAGE analysis, proteins differentially regulated in hypoxic or normoxic lung tissue were divided into 2 groups for further analysis: (1) upregulated in hypoxia (Ն2-fold upregulation) and (2) downregulated in hypoxia (Ն2-fold downregulation). Within these groups, 95 spots were found to be upregulated, and 95 spots were downregulated. In Figure  1A , examples of differentially regulated proteins with their own identification numbers are displayed. The fold changes versus the average spot intensities ("MA plot") are illustrated in Figure 1B . The discrete distribution of spots at lowintensity values is due to the detection limit. Most of the proteins detected exhibited regulation factors Յ2 (90%). Proteins that displayed a spot intensity Ͼ0.1 were identified by MALDI-TOF mass spectroscopy and matched to the Mascot database (Table I in the online-only Data Supplement). The scores in Table I in the online-only Data Supplement represent the matching probability of detected peptides with theoretical database peptides. One of the most upregulated proteins (factor 6.6) was Fhl-1 (four-and-a-half LIM domain-1), which belongs to the muscle development group (Figure I in the online-only Data Supplement). Western blot of homogenized lungs confirmed the results from the 2D-PAGE analysis ( Figure 1C) . Interestingly, no significant differences in mRNA levels from lung homogenates were observed by real-time PCR ( Figure 1D ). To localize Fhl-1, immunostaining was performed on mouse lung tissue. The strongest expression of Fhl-1 was observed in vascular SMCs, whereas bronchial epithelial cells exhibited weaker staining ( Figure 1E , Figure II in the online-only Data Supplement). No immunoreactivity was observed in the absence of primary antibodies ( Figure 1E , control). A direct comparison of Fhl-1 expression in lung sections from normoxic and hypoxic mice revealed stronger staining in vessels from hypoxic animals ( Figure 1F ).
Regulation of Fhl-1 in Exposure to Sustained Hypoxia
To investigate whether pronounced Fhl-1 expression also occurred during prolonged hypoxia, we performed a Western blot analysis on mouse lung extracts from mice maintained in hypoxia for 7 and 21 days. As determined previously, PH is fully developed in mice within 21 days of hypoxic exposure. 11, 14 A time-dependent increase in Fhl-1 expression was observed ( Figure 2A ). Similar to 1 day of hypoxic exposure, Fhl-1 was primarily localized in intrapulmonary vessels ( Figure 2B ). Additionally, neomuscularized resistance vessels exhibited positive staining. To assess whether the differences in the vascular protein regulation of Fhl-1 were also detectable on the mRNA level, laser microdissection was performed to specifically isolate pulmonary arteries from mouse lung tissue. Quantitative mRNA analysis revealed an increased Fhl-1 expression in small pulmonary arteries of mice exposed to hypoxia for 1, 7, and 21 days in comparison to normoxia ( Figure 2C ). Analysis of alveolar septae revealed that the hypoxia-dependent upregulation of Fhl-1 mRNA was restricted to the pulmonary vasculature ( Figure 2D ). Hypoxic upregulation of Fhl-1 was specific to the pulmonary system because systemic aortas showed consistent downregulation of Fhl-1 at 1, 7, and 21 days of hypoxia exposure compared with normoxia ( Figure 2E ). A similar pattern was observed in carotid arteries (21 days of hypoxia, 2.49Ϯ0.40; normoxia, 3.50Ϯ0.28). Under normoxia, basal levels of Fhl-1 expression were similar in the pulmonary and systemic vasculature.
Fhl-1 Expression in Rat Models of PH
To further explore the regulation of Fhl-1 in PH, we investigated 2 different rat models of PH: (1) hypoxia-induced PH in combination with the vascular endothelial growth factor receptor antagonist SU5416 and (2) monocrotaline-induced PH. Both models result in severe PH. 11, 19 In chronic hypoxia-exposed rats injected with SU5416, Fhl-1 mRNA expression was upregulated compared with control rats ( Figure 3A) . Similarly, Fhl-1 protein expression was also increased (Figure 3B and 3C ). Analogous results were observed for monocrotaline-induced PH ( Figure 3D , 3E, and 3F).
Regulation of Fhl-1 in Patients With IPAH
To analyze whether the upregulation of Fhl-1 observed in animal models of PH is mirrored in human IPAH, real-time PCR analysis was performed on IPAH and donor lung samples. IPAH samples exhibited higher expression of Fhl-1 than donor samples ( Figure 4A ). Interestingly, we did not observe any changes in the expression levels of the related genes Fhl-2 and Fhl-3 in lung homogenate samples ( Figure  4B and 4C). Additionally, increased Fhl-1 protein was observed by Western blot ( Figure 4D Figure 4F . In microdissected pulmonary vessels from IPAH lungs, a strong increase in Fhl-1 mRNA was detected compared with donors ( Figure 4G) . A similar upregulation of Fhl-1 mRNA and protein levels was found in PASMCs isolated from IPAH compared with donor lungs ( Figure 5A , 5B, and 5C). Immunofluorescence staining of Fhl-1 in human and mouse PASMCs revealed that Fhl-1 was predominantly restricted to the cytoplasm ( Figure 5D and Figure IV in the online-only Data Supplement).
Hypoxia-Dependent Regulation of Fhl-1
To explore the molecular mechanisms of the transcriptional regulation of human Fhl-1, we subjected PASMCs to hypoxia (1% O 2 ). In comparison to normoxic conditions, Fhl-1 demonstrated pronounced expression after 24 hours of hypoxic exposure ( Figure 6A ). We next addressed the possible roles of HIF-1 and HIF-2 in hypoxic Fhl-1 expression. The HIF constitutes a family of basic helix-loop-helix transcription factors that function as major gene regulators at low oxygen tension. 22 To analyze the individual roles of the HIF subunits in the transcriptional regulation of Fhl-1, siRNA specifically targeting HIF-1␣ or HIF-2␣ was applied. The efficiency of siRNA knockdown was assessed by real-time PCR (data not shown). Knockdown of either HIF-1␣ or HIF-2␣ significantly reduced expression of Fhl-1 under hypoxia ( Figure  6B ). Consequently, we screened 5 kb of human promoter for HRE upstream and downstream from the coding sequence. Several putative HIF binding sites (BACGTSSK) were found in the promoter region of the Fhl-1 gene, as indicated in 
Fhl-1 Is Involved in Migration and Proliferation of Primary PASMCs
As migration and proliferation of PASMCs are involved in the vascular remodeling underlying PH and because Fhl-1 expression was significantly increased in IPAH, we investigated the role of Fhl-1 in these processes. For this purpose, we designed siRNA directed against Fhl-1. As depicted on Figure 7A and 7B, expression of Fhl-1 was reduced by Ϸ50% to 70%, as assessed by real-time PCR and Western blot analysis. Fhl-1 knockdown resulted in significantly decreased migration and proliferation of human PASMCs compared with random siRNA transfected cells ( Figure 7C and 7D) . Similar results were observed in mouse PASMCs ( Figure  VIA , VIB in the online-only Data Supplement). Moreover, silencing of Fhl-1 protein led to lower expression of cyclinD1 ( Figure 7E ). To provide further evidence for a role of Fhl-1 in PASMC motility and proliferation, we cloned full-length and overexpressed Fhl-1 in primary PASMCs. Overexpression 
Identification of Talin1 as a Novel Interaction Partner of Fhl-1
To decipher the molecular mechanisms underlying the impact of Fhl-1 on migration and proliferation, we performed coimmunoprecipitation to screen for novel interaction partners of Fhl-1.
Immunoprecipitates from NIH cells overexpressing either myc or Fhl-1-myc were compared by SDS-PAGE. One unique band in the Fhl-1 extracts corresponding to Talin1 was identified by MALDI-TOF analysis. These results were confirmed in PASMCs overexpressing Fhl-1-myc followed by Western blot against Talin1 ( Figure 8A 
Discussion
Exposure to chronic hypoxia results in vascular remodeling in the mouse model of PH. We hypothesized that the analysis of the very early phase of hypoxia could be used to detect key triggers of this disease and that such findings may be relevant for the pathogenesis of PH. Using a 2D-PAGE approach, we identified a variety of proteins differentially regulated when comparing lungs from mice exposed to 24-hour hypoxia with those maintained under normoxic conditions. The majority of identified proteins (48%) belonged to the group "metabolism," which consists of proteins responsible for protein biosynthesis, metabolism of aldehydes and fatty acids, peptide cross-linking, protein folding, and NADH oxidation and response to oxidative stress. In this context, it is noteworthy that metabolic alterations and oxidative stress have been suggested to be involved in the development of hypoxia-and non-hypoxia-induced PH. 7, 12, 23, 24 Interestingly, one of the most prominently upregulated proteins identified by 2D-PAGE was Fhl-1, allocated to the group "muscle development." This protein belongs to the family of LIM proteins, being an acronym of the first 3 identified homeodomain containing factors, Lin-11, Isl-1, and Mec-3. [25] [26] [27] The LIM domain is a cysteine-rich, double zinc finger motif that mediates protein-protein interactions of transcription factors, signaling, and cytoskeletal proteins. Proteins containing LIM domains play critical roles in mediating tissue differentiation, oncogenesis, and cytoskeletal organization. 28 -31 In the heart, Fhl-1 is strongly expressed in the developing outflow tract and to a lesser extent in myocardium. In cardiac hypertrophic and dilated cardiomyopathy mouse models, cardiac ventricular expression of Fhl-1, but not of related proteins Fhl-2 or Fhl-3, was altered. 32 Additionally, increased Fhl-1 expression has been shown in stretch-induced muscle hypertrophy. [32] [33] [34] Thus, we hypothesized that Fhl-1 may also be involved in pulmonary vascular remodeling. In our study, the enhanced expression of Fhl-1 in hypoxiainduced PH was not only present in the early time point of hypoxia exposure (1 day) but was also sustained during prolonged hypoxia (7 and 21 days), when PH is already evident and fully established. 11, 14 Moreover, the specific role for Fhl-1 in hypoxia-induced PH is supported by our finding that Fhl-1 is upregulated in the pulmonary but not in the systemic vasculature. This is well in agreement with the different effects of hypoxia: increasing the pulmonary but decreasing the systemic vascular resistance. Similar to the sustained increase in Fhl-1 expression observed in the hypoxic mouse model, we found elevated Fhl-1 levels in lungs from 2 different rat models of PH: monocrotaline-induced PH and PH induced by the combined exposure to chronic hypoxia and the vascular endothelial growth factor receptor antagonist SU5416. Parallel results were observed in human IPAH. These data support our hypothesis that investigations during the onset of PH in animal models may be useful to identify new candidate proteins important for the development of human PH. Interestingly, in analogy to findings from mouse models of cardiac hypertrophy and dilated cardiomyopathy, 32 we did not observe any differences in the expression levels of Fhl-2 or Fhl-3 in lungs from IPAH patients. Moreover, our detailed analysis revealed that Fhl-1 was expressed in PASMCs of pulmonary arteries and arterioles, a key site of vascular remodeling in PH. We also demonstrated that hypoxia-driven expression of Fhl-1 in human PASMCs is controlled by HIF-1␣ as well as HIF-2␣. This is all the more interesting because HIF is involved in the pathogenesis of both hypoxia-and non-hypoxia-induced forms of PH, and high levels of HIF-1␣ were detected in arterial lesions in IPAH. 5, 7, 35 To prove a functional role of Fhl-1 in vascular remodeling underlying PH, we demonstrated that inhibition of Fhl-1 expres- sion by siRNA significantly decreased PASMC migration and proliferation, whereas overexpression of Fhl-1 had the opposite effect. These findings are in accordance with data from rat skeletal myoblasts in which overexpression of Fhl-1 led to higher migration and spreading of cells, but, to the best of our knowledge, are novel for the pulmonary circulation. 36 To address the role of Fhl-1 in cell cycle kinetics, we investigated cyclinD1 levels in Fhl-1 silencing experiments. In proliferating cells, G1 phase progression depends on the sustained expression of D-type cyclins. 37 Moreover, integrin-mediated cell adhesion, which may also play a role in vascular remodeling in PH, can also control the accumulation of cyclinD1. 38 Knockdown of Fhl-1 resulted in lower cyclinD1 protein levels and therefore inhibition of G1 progression and consequently reduced proliferation. To further decipher the molecular mechanism underlying Fhl-1 action, we focused on interaction partners of Fhl-1. To date, only 1 interacting partner, the major myosin thick filament-associated protein MyBP-C, has been identified. 39 We hypothesized that the cellular activity of Fhl-1 may arise from proteinprotein interactions because (1) Fhl-1 contains 4 and a half LIM domains, motifs that are involved in both intramolecular and intermolecular interactions, 40 (2) LIM domain proteins can act as scaffolds on which multiprotein complexes are formed, 41 and (3) several findings have shown that Fhl-2 and Fhl-3 are involved in regulation of actin cytoskeletal dynamics. By applying coimmunoprecipitation followed by MALDI-TOF, we identified Talin1 as a novel Fhl-1 interacting partner. This interaction is further supported by the fact that Talin1 contains LIM and actin binding domains. 42, 43 Talin is a major cytoskeletal protein that colocalizes with activated cytoplasmic domains of ␤-integrins 44 and links them to the intracellular actin cytoskeleton. Several binding partners for Talin have been described; these include integrins, focal adhesion kinase, and F-actin. 43, 45, 46 Downregulation of Talin1 in HeLa cells results in a decreased rate of cell spreading. 47 In undifferentiated mouse embryonic stem cells, disruption of Talin1 prevents assembly of focal adhesions and causes defects in cell spreading. 48 Moreover, decreased expression or inhibition of Talin attenuates the migration of fibroblasts and lymphocytes. 49, 50 In our study, silencing of Talin1 in human PASMCs resulted in decreased migration and proliferation, indicating a comparable cellular role of Fhl-1 and Talin1. Fhl-1 may alter the conformation of cytoskeletal molecules like Talin and actinin and therefore could play an important role in Talin-mediated regulation of integrin signaling and cytoskeletal organization as well as in establishing or maintaining connections between Talin and actin assembly ( Figure 8H ). The identification of the novel Fhl-1 binding partner, Talin1, together with the findings that Talin colocalizes with Fhl-1 in human PASMCs, suggests that this interaction has a significant role in integrin-actin communication and therefore in proliferation and migration of PASMCs.
In conclusion, we demonstrated that a proteomic approach using an animal model of hypoxia-induced PH at an early time point in the development of the disease could be useful to identify new candidates that are involved in the pathogenesis of PH. Our analysis revealed Fhl-1 as a new protein involved in the proliferation and migration of human PASMCs. In addition to various animal models, we confirmed an upregulation in human IPAH. In combination with cell-specific analysis, we demonstrated that the molecular mechanism of Fhl-1 function might involve Talin1. Fhl-1 thus may be considered a new player in the vascular remodeling processes underlying the development of PH.
